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IHTBODUCnOM 


On s«pt«ri»«r 25 » 1979 » th« Sovitt Comos 1129 carried 

five fault and tao ula rata Into orbit. It aaa Intandad that tha 
■ninal t would uta In apaca and that tha faulaa would apand tha firat 
1 to 16 daya of gaatation in naar-iiaightlaaanaaa bafora raantry and 
parturition at norul gravity (35). Thin joint U.S./USSR axparinant waa 
the firat attanpt to study tha af facta of apacaf light on auBaaallan repro- 
duction. Previous experlnenta on fish egg fertilisation (7) suggested 
detrinental consequences, but experiunta on later enbryogenesls and 
developaent of frogs (36). fish (20). and fruit fl*es (24) showed no 
deleteriotis effects. On Cosnos 1129. neither flight feules nor syn- 
chronous gro\md-control rats exposed to sinulated launch and reentry 
successfully gave birth. This paper reports the results of two simula- 
tion experiaients In which the possible causes of the failure of the 
Cosmos 1129 anluls to carry norul pregnancies to tens were explored. 

One experiment examined effects of reentry stresses on fesales at known 
gestation stages, and the other was a simulation of the complete flight 
profile. 

Soviet investigators have hypothesised that stresses of reentry caused 
total fetal resorption in Cosmos 1129 rats. The resorption hypothesis 
appears reasonable In view of published experlunts on the effects of 
multiple restraint stresses on rats (1, 2. 5. 11). Short-term physio- 
logical and psychological stresses caused postnatal developuntal 
retardation, low birth weight, and Increased fetal mortality or failure 
of uterine implantation. Complete resorption of entire litters 
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was a talatlvaly vmcooBon affact. Tlaa of application of atraaa during 
gaatation wab critical factor (28); atraaa during a aanaitiva "window" 
producaa a char ac tar ia tic pat tarn of dafacta, although aiailar atraaaaa 
at othar tlnaa nay hava no affact (4). Raaorption could occur by daath 
of fatuaaa during or iaiMdiataly aftar application of atraaa » or could 
ba delayed* for exaaple, until fatal growth ovarloadad Inpalxad placantal 
blood veaaela (10). 

The null hypotheaia in reentry ainulation waa that atraaaaa and con- 
trol anlaals Inpregnated alaultaneoualy %rould give birth at the sane tine 
to litters of the sane else. The conplete flight ainulation tested the 
additional assiseptlons that: (1) launch stresses had no effect on tine 
of Impregnation relative to cage and diet controls* and (2) caging* diet* 
and other factors had no affact relotive to vivariun control anlnals or 
previous mating of the same animals. Animals were sacrificed to examine 
uterine contents before resorption could proceed to the point that no 
fetal remains were detectable. The magnituda of the stress perceived by 
the test animals was assessed by behavior and appearance at the conclusion 
of each simulated flight parameter and by the masses of the adrenal 
glands of sacrificed animals (3* 9). 

METHODS AND MATERIALS 

Reentry simulation ; Timed-pregnant outbrad Histar rats* initial 
mass of 210-230 g* were obtained from Simonsan Laboratories. The supplier 
verified vaginal plugs on the day following mating. On receipt* animals 
were 12* 10* 8* 6* 4* 2 d and 12 hr pregnant. Each animal was identified 
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bM«d <» tlM at raeaipt (a.g. » 12D ■ 12 daya; 12B • 12 hours). 

Anlaals wars aalghad to within iO.5 g (figs. 1-3) and wars glvan Slaonawa 
G4.5 braading chow and water ad Itb . 

On tha day of tte taat, animal a wars aasl^Md at random to ona of 
thraa groupa: two to ba atraaaad (groups lA-1 and Ii-2) and ona control 

(TA-3) . A blood aaapla waa drawn by clipping tha tip of tlM tail of 
group TA-3 raca; plasma apaclmana wars intandad for glxicocorticoid 
and progeatarona aaaaya. which are not included in thia report. 

The Individually caged ...imala ware moved from the vivarium to tha 
test building. The control aniaala (TA-3) ware transferred to a single 
test chmnber as a group and placed in a quiet area. Tbe two teat groups 
were in turn placed in separate test chambers, exposed to simulated 
reentry, examined for immediate behavioral and appearance responses, and 
returned to individual cages. On conclusion of testing, a second blood 
sample was dra%m from the TA-3 group. All animals were returned to the 
animal holding facility and left there undisturbed for 2 d. 

On day 3 after reentry simulation, tha TA-1 group was individually 
weighed, decapitated, and exsanguinated. They then were laparotoedaed 
and a photograph was taken of ttM internal organs %rith uterus displsyed. 
Each uterus was dissected from the vagina, mesentery, and accompanying 
adipose tissue; ovaries were retained with the uterus. The uterus was 
placed in a Petri dish containing normal saline and was photograplMd 
under transmitted oblique illusdnation. Prior to photography, uteri 
over 12 d gestation were opened to expose amniotlc sacs. The adrenal 
glands were excised, cleaned of adherent fat, and weighed to the nearest 
0. 1 mg. 
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Th« TA-2 and TA>3 groitpa war* Inapaetad walglMd daily. If a 
foMla in tha 74-2 group did not rtiotf any waiglit gain for 3-4 d» aha and 
tha corraaponding TA-3 fanala uara aacrificad by tha abova procadura. 
Otharwiaa, as soon aa poasibla aftar birth vaa coaplata* offspring ipara 
countad and thair condition and total aaas wara aaaassad. Lit tar sisa 
was raduced at randoai to 8. Tha lit tar was waighad on altamata days 
until aaan nass of tha pups was 30 g. 

Cwaplete flight slaulatlon t AnlMls ware froa second and third 
generations of the Aaes Research Center (ARC) Caech Wistar breading colony 
originally obtained fron the Slovakian Acadesy of Sclmcas. Bratislava. 
They were 6.5 to 7.5 months old and were proven breeders, each having 
had one litter of seven or more pups 2.5 months previously. Females were 
selected at random from a pool of 20; llttenMtes were kept under vlvarlimi 
conditions. Females were housed 4-6 per cage until 6 days prior to simu- 
lated launch; then they were placed in indlvldtial cages. Identified by 
tail-mark code, acclimated to group placement In test chasd>ers for 1 hr 
daily, and fed 45 g of Soviet paste diet (22) once dally. 

Five females and two males were placed In each test chsiri>er on the 
day of simulated launch (L40) and transported to tha simulated facility. 
Groups TS-1 and TS-2 ware successively exposed to vibration and accelera- 
tion, and group TS-3 was placed In a separata quiet room. 

Hales ware selected from llttermatas caged together; inadvertently, 
one set of males (TS-2) had not previously bean acclimated to comston 
caging; consequently dominance /sulmlss Ion Interactions occurred during 
the first 3 d of the slmilated mission. Males ware also weighed. Iso- 
lated, and fed the Soviet paste diet 4 d before start of the test. 
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Upon caiipl«tioii of laiioeh iiaulatioa, tiM rhwlurt vtro Bovod to an 
ioolatlon rooB for 18.5 d. Durlnt this poriod* pooto diot (55 g por rat 
par day) waa givan in aight faadlng cupa par ^laabar twica dally at 
approxlBataly 0800 and 1600 hr. UnaatMi food waa aal^Md and Includad in 
the allocation at tha naxt achadulad faading. Uatar waa availabla ad lib 
at alx locatlona In aach chaabar. Taaparatura variad batvaan 70* and 74 *F 
(21*-23*C). Relative hualdity waa 50-^X. lllwination waa 16 fc on 
a 12-hr-on» l2-hr>off cycle. Waate traya filled vlth ahavinga or abaorbent 
clay %»are changed every l->2 d. Croupe TS-I and TS-3 vara undlaturbed 
except for changing food* water* and waate traya. FMalea of group TS-2 
were removed at 2-3 d Intervala for wighing. 

On day L-f2* partltlona aeparating malea froa feautlea were rraoved* 
thus permitting the rata to mate. On three occaalona* beginning on 
day vaginal smears were taken from TS-2 females to determine estrous 

phase or presence of sperm (22). 

Reentry was simulated by moving the chaad>ers back to the test facility, 
exposing groups TS-1 and TS-2 to acceleration and shock, examining for 
limgedlate responses, and then returning the animals to the isolation room. 
Females were weighed, placed in individual cages, and given 60 g/d of 
paste diet once dally for 14 d or until birth occurred; they were fed 
standard rat chow thereafter. On the day of reentry the female having 
greatest relative wei^t gain in each group was sacrificed by decapitation. 
Five and seven days after reentry one additional fraale from each group 
was sacrificed; the remaining females were permitted to carry pregnancies 
to term and were sacrificed after weaning of litters. 
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Anlaals ««r« dlsstctad a« in th« r«antry*H>ixly «cp«riMnt vlth th« 
addition of diaaaction and «aig|hing of fat dapoaitt fro« tha abdominal 
cavity. Six litternata famalaa vara aacrificad for coiq>ariaon of abdominal 
fat (Groupa CTR-A and CTR-B). 

Teat chaabar and aiamlation anvirooawnt : Throughout tha flight- 

aifflulation experimant tha thraa groupa of animala vara houaad in three 
axparinental chambara (Fig. 4a) aimilar to ttM one \>aed in the Soviet 
Coamoa 1129 ontogeny experimant (Fig. 4b). Simplified chaabera* lacking 
feeding cupa* water bottlea, and vaate traya* were uaed in the reentry- 
only experiment. The chambera were conatructed of aluminum with a 
perforated acrylic top and a stainleaa ateel meah floor. The dimensions 
(length X width x height in centimeters) of the chambers used in this 
experiment and in the Soviet study %fere as follows: 

1. Soviet study 

Female section: 48.0 x 20.0 x 16.0 

Male section: 20.0 x 17.0 x 16.0 

2. Present study: 

Female section: 48.3 x 22.8 x 15.8 

Male section: 22.8 x 22.8 x 15,8 

An 11-cm-diametcr fan was attached to the top of each chai^er to increase 
airflow. Soviet -supplied launch and reentry noise, vibration, accelera- 
tion, and shock data from previous Cosmos missions were used for simula- 
tion parameters. 
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RMidai notion Vlbrntlm. Inch ehaiibnr vno vibratnd pnrallnl to tho 
vortical axla for 10 «in. During tbo vibration taat tbo noiao lovol woo 
■onitorod at 85 4B. Tho vibratim aoplitudo* a(f)* vao ccmatant at Unoar 
within tha following froquoncy rangoot 


Proquoncy, £ 
20-100 Ha 
100-400 Ha 
400-2000 Ha 


Min. 

0.014-0.028 g*/Ha 
0.028 gVHa 
0.028-0.02 g^/Hc 


Acceleration. Following vibration and viaual inapectlon, teat 
groupa were aubjected to 4.0 1 0.2 g'a in the vertical axia for 10 min. 
of which the flrat and laat 90 aec were linear raaip fimctiona. Mounting 
axea permitted each unit to awing freely during acceleration. For alnu- 
lated reentry, the teat groupa were aubjected to 6.0 ± 0.2 g'a radial 
acceleration for 5 aln. of which the flrat minute was at a linear rate 
to 6 g; the rate waa decreased linearly to stationary during the last 
minute. 

Impact Shock. Following visual examination each chamber was 
secured on the impact apparatus platform and aubjected to a half sinu- 
soidal 50 ± 3 g shock for 1 msec parallel to the vertical axis. 


RESULTS 


Moderate hypoactlvlty was the only Immediately observable behavior 
attributable to streas response. Control groups also were relatively 
inactive after Initial exploration of the teat chamber. Total reproduc- 
tive sxiccess for the reentry simulation Is sumaarlsed In Table I and for 
the full flight simulation In Table II. 
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Reentry •iMulatiom Normal pregnant uteri, as determine by groaa 
visual examination, were present in all TA-1 anlaala except 8D. Examina- 
tion of the 8D uterus revealed no vascular enlargement, iaq>lantation sites, 
or resorbed fetal remains. Mass gain prior to sacrifice was normal 
(Fig. 1), except for 8D and 12D; the latter was smaller initially and had 
the smallest litter size. Animal TA-l:10D had one advanced resorblng 
fetus. 

Five TA-2 animals carried pregnancies to term (Fig. 2). TA-2:6D 

gained 30 g more than any other, and gave birth to 13 live pups and 
1 stillborn. The weight of TA-2:1(R) was consistently at least 20 g less 
than that of the other animals at corresponding stages of pregnancy; 
lOD had a litter of only 8 pups. Several of the successful pregnancies 
had transient mass losses or plateaus 4-6 d after the reentry simulation. 
TA-2:8D had only a small gain between receipt and testing, and less gain 
following the test than other animals. This animal and the corresponding 
TA-3 animal were killed 4 d after the simulation, on tl^ presumption of 
resorption; however, there were no indications of pregnancy. TA-2:20 
had normal gain for 4 d after simulation, but then began losing mass. 

At 16 d gestation, this animal and the corresponding TA-3 animal were 
killed. No placentatlon scars or fetal remains were evident in TA-2:2D. 

Of the two TA-3 animals sacrificed on the 16th day of gestation, 
one (TA-3:8D) had 11 viable fetuses and one resorption (Fig. 3). State 
of resorption was such that fetal death most probably occurred 1 or 2 d 
after the test. The TA-3: 2D animal also had ll fetuses. All were 
underdeveloped for 16 d gestation. Asmiotic blood vessels were thickened, 
amniotic flu^.d was cloudy, and there was little lisd> modeling. The five 
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raMlniat TA-3 ialBAlt CArrlsd prafAuieiM to tom (fig. 3). Moan llttor 
oito HM 11 i 0.5t» ollibtly tet not olpULflcantly lorgor than livo 
birth* in tht TA-2 group (10 i 1.87 8D). Sovorol onlnali had docroaaoa 
In rata of waight gain 4-8 d following tho taat (TA-3il2H, 20» 6D). Only 
ona (4D) plataauad. and nona loot wai||it. 

Full fliriit aiwilation — anlnal naBa t All fanalaa gainad aaaa during 
tht flight pariod (66.0 t 25.9 g). Excluding ona poaaibly undarfad aniaal. 
which gainad only 9 g» tha naan gain waa 70.1 t 21.3 g. Vlvarlun control* 
gainad 13.2 l 10.9 g during tha aaaa pariod. Group TS-l (Fig. 6) Includad 
the animal* gaining tha laaat. 

Group TS-2 (Fig. 7) Includad ona axcaptionally larga naa* gain, with 
the othera tending to be more cloaaly cluatared than at the atart of the 
teic. Postflight. all but one female ahowad conaiatent exponential gain 
indicative of pregnancy. 

Group TS-3 (Fig. 6) Included one animal larger than the othera from 
the outset and alao Included the animal gaining most relative to its 
initial weight. The other three were within a 20-g rmge at both the 
atart and finish of the flight period. One of these continued to gain 
while the other t%io plateaued. 

As in the reentry simulation, there were disturbances in rate of 
mass gain in animals in each group in the 3-5 d period after reentry. 

In group TS-1, two animals (which later had normal parturition) showed 
transient losses, as did ona animal sacrificed after a mass loss that 
began earlier. Similarly, one TS-2 animal lost mass and one peakei, 
followed by restoration of exponential gain and parturition. In 
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group TS-3» cvo anlaali had loaaaa or plataaua bcglnalag oa tha day of 
raantry, Othar anlaala auffarad only daclinaa la rata of «aa8 gain. 

Full fllaht alaulatlon - oratar» raproductlva auccaaa t Hina fasalaa 
wara diaaactad prior to giving birth (Tabla 11). IWo aacriflc^ **flight” 
fmalaa had 12 vlabla fetuaaa with thraa raaorptiona. Gaatation a^« 
baaad on groaa exaaination of tha utarua, waa 12 d. Tha control fS-3 
ftf&ale had only three placantationa. 

Selectiona for Mcrifice 5 and 7 d after reentry were baaed on inter- 
mediate weight gain followed by plateau or loaa. In both caaea the TS-1 
animals were not visibly pregnant upon groaa diaaaction, one having fluid 
in the uterine lumen and the other kidney abnormalities, the TS-2 f«&alcc 
were pregnant, but had low numbers of viable fetuses of gestation age 
16-17 d (Fig. 9) and other well-developed but abnormal fetuses. The 
first TS-3 animal had only one normal and one aatall fetus; the second had 
nine fetuses of about 18 gestation days, again with one runt. Each animal 
had three resorb Ing fetuses. 

Term pregnancies — reentry siaailation ! There was a tendency for 
control females to give birth earlier (by about 0.8 d). There was also 
a trend toward heavier Man pup mass in control compared with TA-2 grotqt 
offspring, which continued through tha first 10 postnatal days. Pre- 
implantation pregnancies (12H, 4D) at tha tisw of test were exceptions 
to this trend. 

Aside from one observed stillbirth (TA-2:6D), there was only one 
abnormal pup In group TA-2 and in TA-3. One small pup of TA-2: 120 
had facial ^ema and a hematoma; this was regarded as a result of birth 
tre«ssa, rather than effects of reentry simulation. 
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Tt» pfgpaoclM - tttll fliriit titlatiim t Two fwolM la aach 


•xhlbitlng •jqKMMocial wai^t gala carriad pragauiqr to taca* Tha two la 
group TS-1 had 13 aad 8 offaprlag, bora 17 aad 20 d, raapactlvaly» follow- 
lag *'raaatry.” Tha two la group T8-2 had 8 aad 6 ^pa, bora 13 and 16 d, 
raapactlvaly, aftar laat watlag opportualty. Aad tha two faaalaa In 
grot^ TS-3 had llttara of 10 and 11, both bom 11 d aftar raaatry. Tha 
dalay of parturition aftar raantry of cortlnad TS-1 and T8-2 groupa rala- 
tivc to TS-3 waa significant at tha P < 0.1 laval (Studant'a t-taat). 

Stillbirths occurrad In groupa TS-2 a*\d TS-3. Four pups In tlK* TS-1 
litter of 13 appeared to have cdaaw or hewatoaaa or both In the intra- 
scapular brown fat pad. The TS-2 Uttar of alx was destroyed by asternal 
cannlballSB. Twenty-six fmale and 14 wale offspring ware weaned. Post- 
natal aass gain appeared to coincide with the curve followed by other 
Czech Wlstars in the ARC colony (32) . 

Two TS-2 and two TS-3 fouiles ware dissected aftar thalr llttets 
were weaned; one of these had died within 12 hr previously, because of the 
rupture of an aortic aneurysa. Only one was still lactatlng 24 d after 
parturition. About the ssae ntaber of placental scars (laiplantatlon sites) 
on the uterus were detectable as the sta of the two litter sizes borne 
by the female. 

When the mabers of live births and viable fetuses were coiri>ined 
(Table III), there were no statistically significant differences h-;ween 
groups. When compared with mean mmd>er of live births in the previous 
Utters of the same ailmals, that of each TS group was significantly 
lower, with a coid)ined mean of 6.9 blrths/lltter compared with 10.3 
previously (P < 0.03). If the two T8-1 females wltlwut new placentations 
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are excluded as posalbly unlnpregaated, the aean viable litter alxe was 
8.08 i 3.52 (F < 0.1). UnatKceaaful fetuses (resorptions and stillbirths) 
were elevated In all three groups coatpared with previous litters (1.3 
vs 0.2 per litter). Since not all resorptions and stillbirths were 
detected, no statistical cooparlson is possible. 

Adrenal mass — reentry simulation ; The mass of both adrenal glands 
of each animal fell within the range of 40 to 70 mg (Table IV). These 
masses are best expressed as a ratio of adrenal gland mass to body 
weight (9); vhen not measured, initial masses of pregnant animals were 
estimated by extrapolation of the gain curve to day 0. Adrenal:body mass 
ratios were in the range of 1.5 lO"** to 3.0 x lO”'^, with slight cluster- 

ing around 1.9 ^ 10“** and 2.9 x 10“**. Animals with ratios near 2.9 x 10“** 
had normal pregnancies. The data of Geller ^ al . (9) for both group- 
housed and chronically isolated animals are near the low end of the range 
of the present study (Table IV) . Other data (12) for grouped females are 
in the middle of the range; isolated females have higher adrenal mass 
ratios. Rigorous comparison with the present sttxly is difficult because 
of differences in animal age and sex. 

Adrenal mass — full flight simulation ; There was no significant 
difference between any of the test groups, but the mean of combined 
adrenal weights was greater than that of vivarium controls (P < 0.1). 
Absolute adrenal masses of females caged with juvenile litters at the 
time of sacrifice were larger than usual. They also differed in appear- 
ance, being gray and granular rather than pink and homogeneous, which is 
felt to be a physiological response to the stresses of motherhood (25). 
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Pregnant feaalea had alightly higher adrenal aaaa ratioa (2.51 k 10***^) 
than three nonpragnant f«utlea on paate diet (2.24 x 10~^). 


Abdominal fat ; Dlasectlble freah fat maaa after full fll^t aimula- 
tlon was compared as a ratio of fat mass to body mass at the time of 
sacrifice (Table V). Females with unweaned litters that had been fed 
standard rat chow after discontinuing the paste diet were excluded. 

There were no significant differences between groups, but the entire 
population had a mean abdominal fat that was 10.4 ± 1.3% of body weight; 
this was a highly significant difference (P < 0.001) from vivarium controls 
(5.7% fat). There was no significant difference between females dissected 
during pregnancy and nonpregnant animals. Females with unweaned litters 
had £at-to-body ratios below the mean for vivarium controls; on examina- 
tion, these animals had pink vascular fat of less viscous consistency, 
indicating fat resorption. 

DISCUSSION AND CONCLUSIONS 

Reentry simulation ; Transient decline or plateau in mass gain 
following reentry simulation may be an Indication of resorption of some 
but not all fetuses. Since control animals also showed decreased rate 
of gain at this time, handling or isolation stresses may have been suffi- 
cient to cause this effect. Late pregnancies (lOD, 12D) were not subject 
to such fluctuation in weight gain, indicating relative insensitivity at 
the time of the test (14 and 16 d, respectively). 

Recent resorption of early pregnancies could not be assessed from 
the external appearances of the uteri, although by the time of dissection 
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(8-10 d gestation) swellings et iaplsntetlon sites were obvious. Vascular 
enlargei&ent In early pregnancies had not progressed to the point that 
placentatlon scars would be evident long after resorption or nomal 
parturition. Hence, animals termed "nonpregnant" (TA-1:8D, TA-2:2D, 
and TA-2:8D) may have been early post Implantation resorptions. Isolated 
resorptions (TA-1:10D, TA-3:8D) caused no difficulty In interpretation. 

The one animal with develcpmental retardation of the entire fetal litter 
(TA-3:2D) may have been in the early stages of resorption, but gave no 
other indication of abnormality, such as decreased mass gain. 

Full flight simulation ; None of the factors of the simulated Cosmos 
mission — which included (1) Soviet paste diet, (2) launch vibration, 
noise, and acceleration, (3) group housing in a confined volume, (4) com- 
petition for limited food, (5) restricted illumination and airflow, 

(6) reentry shock and acceleration, and (7) postf light handling and 
isolation — were able to prevent establishment and maintenance of 
pregnancy to term in all animals. There were no significant differences 
in the number of live fetuses and births or in adrenal mass ratios between 
the control group and the two groups exposed to launch and reentry stresses. 

The 4.5 d mean delay of parturition of the TS-1 and TS-2 groups 
was the only statistically identifiable difference from the control 
group TS-3. This suggests that some factor may inhibit or resynchronize 
estrous cycles or cause temporary ouile reproductive dysfunction. However, 
a test of male reproductive capability following launch stresses yielded 
a normal number of successful litters from matings within the 4-d period 
beginning 2 d after "launch" (E. Megory, unpublished data). 
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Svtn controls (TS-3) did not ant* on first opportunity nftsr thn 
psrtltlon separating aalea and fanalaa was opened. If the smui gestation 
period was 22.5 d (17), then siting In TS-3 occurred 5 d (L-^7) after the 
partition was opened. Only one TS-1 suiting preceded the s«an TS-3 nating 
tine (see Table I). Mating of one TS-2 fenale at L4-11 d was confirmed 
by vaginal osear. All other TS-2 fesMles eatlnated to be pregnant by 
findings of leucocytes in vaginal raears were confirmed by diasectlon or 
parturition. The longest delay following first mating opportunity was In 
a TS-1 animal In which mating took place 2 or 3 d before reentry. This 
animal gained very little weight during the simulated mission and could 
have been nutritionally aneatroua for part of the incubation period. In 
a separate experiment (19), one male and three feniale Czech Wlstar rats 
were housed together and fed the Soviet paste diet under conditions 
similar to those of group TS-3 in i\e present study. Litters of normal 
size were bom from two matings on day 6 and one mating on day 17 after 
introduction of the males. Hence, a factor unrelated to simulated launch 
stresses appears to be the cause of at least the Initial 5-d delay In 
Impregnation In the present study as well. The assumption that fertile 
mating would occur as soon after opening of the partition as permitted 
by the estrous cycles of the females (within 4 d) therefore appears to 
be invalid. 

The fact that mating of group-housed rats was delayed, tfhereas 
Individually housed vivarium-caged males mated normally following launch 
stresses, may have a bearing on results of the Cosmos 1129 experiment. 

If other factors, such as locomotion in might lessness, caused additional 
delay in mating, then the effective period available for mating would 
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htv« b««n ttill furtlMt r«4ue«d. iMtMd of tlio naaiiial luitiiig opportunity 
of 16.3 d, or tho 11 or 12 d ovidoncod by tlalng of TS-3 blrtbn* tbo 
Mtlag poriod any bnv« boon only tho loot 4 or 5 d of tbo nioolpn. Tho 
roproductlon luccooo of tho TS-1 group, in which throo of fivo fcoMloo hod no 
plocontotlono ot the tino of roontry, oa dotoctod by dioooctlon, or hod o 
20-d delay In parturition following roontry auty cloaoly corroopond to that 
of tho CoBmoB 1129 flight aninola. 

Baaed on groaa exaoination of fetuaea, there wore aeveral cauaea 
for fetal nortality: aone fenolea had low nunbora of detactable iaplanta- 

tiona, BOBO fetuaea wore reaorbed early relative to aurvivora, and othera 
had anooaliea in fetal anatony (a prolonged abdoodnal hernia) or in 
placental function (detachment or dlacoloratlon) . Stillblrtha appeared 
to be anatomically normal. A aex-llnked trait may have been partially 
responsible for decreased litter sizes, since females outnumbered males 
in all weaned litters. If the published (21) incidence of male births 
of 48.441 is applicable to Czech Wlstars, then the probability of the 
observed incidence of 14 males in 40 live births is only 3. Oil. However, 
since the gender of stillbirths and culled offspring was not recorded, 
there is no way to ascertain that weaned litters constitute a valid 
sample. The age of females may have been a factor in fetal mortality, 
since there is evidence that stress is more growth-inhibitory for progeny 
of older dams than of young females (8) , although "older” animals in that 
report exceeded the age of Cc^mos simulation animals by 4 to 6 months. 

Abdcmlnal fat, measured as ratio of freah dissected fat mass to live 
body mass was significantly elevated in all three groups that had been 
fed paste diet, compared with littermate controls (P < 0.001). Similar 
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results vsrs found In sn ssrllsr study with thrss rnts fed s similatsd 
Soviet paste diet (32). It has long been known that hi^-fat diets cause 
more fat buildup then equlcalorlc hlgh-carbohydrate diets (30). Obesity- 
Inducing diets are typically 60Z (30) to 64Z (33) fatt cooq>ared with 80Z 
carbohydrate In standard diets. 

Literature values of fat-to-body weight ratio vary depending on 
method of fat extraction. In the most applicable study available (30) » 
the total body fat of female rata was divided Into six depots. Genital, 
peritoneal, mesenteric, and omental depots contained 35-45Z of dlssectlble 
fat, as determined by ether extraction. Nonextracted residue of 6.3Z 
must be added to approximate fresh vet weight. Extracted fat of 
high-fat-fed females was 5.9 t 1.5Z of body mass, compared with 3.9 t 1.2Z 
in starch-fed rats. In a more recent study (33), In which fat was extracted 
from the homogenized whole body, h.^Rh-fat-dlet (180-290-g) foaale rats 
had I2.0Z of the body mass In abdominal fat (assuming 35Z of total fat 
in this depot), compared with 5.4Z for grain-fed animals. 

In the present study, the ratio of percent abdominal fat of paste- 
dlet-fed females to chow-fed females was 1.82. Literature values for 
percent abdominal fat in 60Z-fat-fed relative to carbohydrate-fed female 
rats range from 1.50 (30) to 2.23 (33). However, the Cosmos diet solids 
are stated to include only IIZ fat (22), plus 60Z carbohydrate. Thus, 
female rats fed the Soviet paste diet appear to have deposited fat in a 
manner similar to that of hlgh-fat-fed animals. 

Obesity apparently does not Interfere with the ability of adult rats 
to survive spaceflight but could Inhibit reproduction by Interaction with 
other factors. In rodents, excess fat In the diet may affect preg^ncy 
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by lnt«rf«rMc« with ■•rotonln MtdbollM (18) and hmca pituitary aacra- 
tlon of gonadotropic hononta. 

In htaana, tha interaction of paychologieal atraaa and pituitary 
function laada to failure of ovulation (29) » probably by production of 
axcaaa prolactin (31). Tha equivalent problen of aneetroua feaale rata 
la leaa well documented (IS). Fetal mortality of atraaaed femalee la 
known to Increaae (14)* nuralng behavior may be abnormal (13) » and hypo- 
thalamic dopamine la Increased In fesMle progeny (27). Vasoconstrictive 
effects of stress-induced corticosteroids may be a factor* since vaginal 
hemorrhage Is associated with fetal mortality In stressed rats (14). 

Vascular effects secondary to stress have been shown to cause fetal 
anoxia In primates (23. 26); If prolonged, such anoxia would cause fetal 
death. Vasoconstrictive mechanisms would be most effective In Increasing 
near-term fetal mortality and still births, because placental degeneration 
normally begins prior to birth In all females. Chronic noise stress Is 
known to alter fetal (37) and postnatal (21) development in rats. Isola- 
tion following flight also may be a stress factor (9, 34, 37), although 
one not capable of caualng fetal mortality In Sovlet-paste-dlet-fed 
Czech Wistar rats In the absence of other factors (19). 

The reduction In the ntiiber of ovulatory females suiy beccxse more extreme 
If some fosales are anestrous because of Insufficient, rather than excess, 
food Intake. If the partial pressure of oxygen became deficient in the 
sealed atmosphere of the blosatelllte or synchronous simulator, or If 
those atiBospheres contained toxins such as carbon monoxide 
(R. A. Tigranyan and H. G. Vetrova, 1980, unpublished report), the 
fetus might become anoxic, even In the absence of vasoconstriction. 


18 


Alt«r«tloM In pliotopnrlod dun to li^t Innknf* irm M^rianatn on other 
light/dnrk cyclns, aomdn produced by other enlaele« md other fonui of 
interexperiaent interfercMe any occur in bloeatellltee. The ebove fee- 
tore should be excluded froa future fllpht experlaente by rlforoue pre- 
flight siauletion studies. 

The present siauletion studies end reports in the litereture iaply 
thet succeseful pregnencles cen be obteined in feaele rets undergoing 
siaulated specef light; houever* effects have been observed that could 
explain the failure of Cosnos 1129 feaales to become pregnant on the 
basis of reduced probability of conception end fetal viability. The 
Cosmos 1129 population was sufficiently small that each animal could have 
been affected by a different combination of factors reducing its fertile 
interval during the flight or damaging fetuses if impregnated. 
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TA^BLE i. REPRODUCTIVE SUCCESS: REENTRY SIMLXATION 
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TABLE II. REPRODUCTIVE SUCCESS: FULL FLIGHT SIMULATIOH 
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TABLE III. FETAL AMD NEONATAL VIABILITY 


NuaAsr In litter (mean tSD) 


Group 

N 

Live birtha/fetuaee 

Dead births/fetuses 

Initial breeding 

15 


10.27 ±2.15 

0.22 

±0.44 

TS-1 

5 


6.60 ±6.31 




4 



0.50 

±1.00 

TS-2 

5 


7.40 ±2.79 




4 



1.75 

±1.71 

TS-3 

5 


6.80 ±4.02 

1.60 

±1.52 

TS-l + TS-2 

10 


7.00 ±4.62 




8 



1.12 

±1.46 

TS-1 + TS-2 + TS-3 

15 


6.93 ±4.28<* 




13 



1.31 

±1.44 

TS-1 + TS-2 + TS-3 
(excluding 0 implants) 

13 


8.08 ±3.52^ 



Significance vs initial breeding: 

fp < 0.05 






< 0.10 



Blrthdate 

relative 

to simulated reentry 



Group 


N 

Delay (days, mean 

±SD) 


TS-1 


2 

18.5 ±2.12 



TS-2 


2 

14.5 ±2.12 



TS-3 


2 

11.0 ±0 



TS-l + TS-2 


4 

16.5 ±2.89^ 



Significance vs 

TS-3: 

^P < 0.10 
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TABU IV. ADRENAL MASS OF SACRIFICED ANOMLS. 



Group 

Nwbar of 
aniaala, N 

)toan body 
(Mas, g 

Adrenal aaea to body 
■aaa ratio x 10** 
(naan ±8D) 


TA-1 

7 

222® 

2.23 ±0.49 

TA-2 

2 

260*^ 

1.99 ±0.64 

TA-l + TA-2 

9 


2.18 ±0.50 

TA-3 

2 

223® 

2.80 ±0.30 

TS-l 

3^ 

300^ 

2.36 ±0.58 

TS-2 

5 

00 

2.61 ±0.22 

TS-3 

4® 

305^ 

2.44 ±0.25 

CTR-A + CTR-B 

6 

302 

2.23 ±0.17 

Geller £t al. (9) (? + <f) 




isolated 


164 

2.13 

group 


174 

1.93^ P< 0.05 

Sigg ^ (3A) (rf) 




isolated 


500 

1.30 

group 


542 

0.81^ P< 0.01 

Hatch et £l. (12) 

20 

if) 


isolated <f 



1.3 

group (f 



1.1 

isolated $ 



3.0 

group $ 



2.4^ P< 0.01 


‘^Estimated pre-pregnancy, ±5 g. 

^Actual masa. 

^Tuo animals not sacrificed at time of compilation. 
^From mean of t«ro days pre-test. 

^One anim .111 cannibalized lltrer; not sacrificed. 
fn weeks old or less. 

^Significant difference between isolated and grotq>. 
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TABLE V. ABDCXfINAL FAT AT SACRIFICE 
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0.1063 ±0.0026 


TABLE V. Concluded 
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FIGURE CAPTIOMS 


Fig. 1. MaM of prognant faaalaa espoaad to raantry aa a function 
of geatatlon day: Group TA-1 (aacrlficad 3 d after teat). 

Fig. 2. Maas of preg^iant foules exposed to reentry as a function 
of gestation day: Group TA-2 (sacrificed only if low mass gain). 

Fig. 3. Mass of pregnant control females as a function of gestation 
day: Group TA-3 (sacrificed with corresponding TA-2 female) . 

Fig. 4. Rat Isolation chambers for mating-efld>ryology experiments: 

r 

(a) U.S. chamber for simulation studies, mounted on vibration platform 
for launch simulation with 300-g rats; (b) USSR Cosmos 1129 flight backup 
chamber, with 150-g rats. Legend: M * male rat compartment; F > female 

rat compartment; P • partition with removable sliding door; V ■ feed and 
water dispensing apparatus (water bottles removed in U.S. chamber); 

A ■ activity monitor; V ■ ventilated cover. 

Fig. 5. Dissected pregnant control uterus, 16 d gestation (specimen 
TA-3 8D). Legend: F ■ viable fetus in amniotlc sac (11 total); F - placenta 

U - uterine wall (reflected) ; R ■> resorblng fetus; 0 •> ovary; V ■ vaginal 
Junction of uterine horns. (Scale (background): 1 cm.) 

Fig. 6. Mass of females during full flight simulation: Group TS-1 

(not handled during Incubation) . 
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Fig. 7. ot during full flijpit slnulatlon: Group TS-2 

(handled for vailing «id vaginal anaar). 

Fig. 8. Maaa of faaMlaa during full flight aiaulation: Group TS-3 

(not handled during incubation). 

Fig. 9. Pregnant uterua at laparotouy follovring aiaulated flight, 
approximately 16 d gestation (specimen TS-2 AA5.5-15, day L+5). Legend: 

R ” right uterine horn (three fetuses); L “ left uterine horn (six fetuses: 
t%K> nearest vagina viable, two abnormal but living, two advanced resorption) 
V > vaginal Junction of uterine horns; F ■ abdoodnal fat. (Scale bar: 1 cm 


32 





Figure 2.- Maaa of pregnant feaelae axpoaad to reentry ea e function of gaatation 
day: Group TA-2 (aecrif iced only if low BMiaa gain) . 
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Figure 3.- Mae* of pregnent control females as a function of gestation day: 
Group TA-3 (sacrificed with corresponding TA-2 female). 
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Figure A.- Ket laolatlnn chaabcra for mat lng-eabryolog>- experlownta: (a) U.S. chambar 

for almulation atudlea, im'unted on vibration platform for launch aimulation with 
300>g rata; (b) I'.S.S.K. C. '>'«a IIJ<) flight backup chamber, with 130-g rata. 

Lageiiil: M <• male rat compart^., .t ; F - female rat compartment; P • partition with 

removable alidlng doer; W ■ f< ed and water dlapanaing apparatua (water bottlaa 
reaa'ved in U.S. chaadicr); A “ activity monitor; V *■ ventilated covwr. 

II. 


«»KJGINAL PAGE IS 
OP POf-iK QUAUTV 



Flfurr Ulaavctcd pregnant control utrrua, 16 daya gantatlon (apeclMn 1A-) 80). 
Legend: T • viable fetua in a*nlotlc aac (II total); P « placenta; U • uterine 

wall (reflected!; 8 ■ reaorbing (etua; 0 ■ ovary; V • vaginal junction of uterine 
home, (Scale (background): • cai. ) 
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Figure 6.- Hass of fcwiies during full flight similation: Group TS-1 (not handled during 


LITTfR (•) 
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FUure 7.- Mas. of fasuiles during full flight slsmlation: Croup TS-2 (handlad for ualghing and 

vaginal sanar). 
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